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Loggerheads sea turtles face many anthropogenic nesting threats, including beach 

armoring, beach nourishment, artificial lighting, commercial fishing, beach vehicular 

driving, and pollution.  Most potential threats have been thoroughly evaluated, but there 

remains a dearth of information about the effects of beach vehicular driving on nest 

success.  Several factors were evaluated to determine the effect of driving off-road 

vehicles (ORVs) on nesting activity.  To compare driven and non-driven beaches, data on 

beach slope, sand compaction, beach width, sand color, sand grain size, moisture content, 

incubation temperature, and pedestrian activity were collected during the 2005 nesting 

season at Cape Lookout National Seashore, Cape Hatteras National Seashore and Pea 

Island Wildlife Refuge, North Carolina, USA.  Data collected in the 2000 to 2005 nesting 

seasons were assessed to determine differences in incubation period and the percentages 

of false crawls between ORV and non-ORV beaches.   
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ORV use was found to be a significant factor in determining nesting laying.  False 

crawls were more likely to occur on ORV beaches.  The light intensities for 300-500 nm 

were found to be a significant factor in determining the occurrence of a nest or false 

crawl.  A T-test for light intensities for 300-500 nm found greater light intensity on non-

ORV beaches.  Incubation period was estimated to be an average of 2 days longer for 

ORV beaches.  This is estimated to cause a decline of 20% in production of female 

loggerhead turtles at these locations.  None of the beach and sand characteristics 

accounted for this difference.  More nests were relocated on ORV beaches than non-ORV 

beaches.  However, nests on non-ORV beaches were subject to higher rates of inundation 

by the sea.  Emergence success of hatchlings in Cape Hatteras was reduced by more than 

half by overwash and approached zero with washout. 

The greater occurrences of false crawls on ORV beaches may cause the nesting 

turtle to expend additional energy.  This energy could be put into egg production or 

growth.  Cape Hatteras and Cape Lookout need to further evaluate this effect and take 

action to mitigate it.  ORV use could be stopped completely, permitted, mileage reduced, 

discontinued during nesting season, or prohibited during nighttime hours.  The habitat 

quality of non-ORV beaches was inferior to the beaches designated for ORV use.  The 

issues of overwash, washout, and light intensity should be considered when selecting an 

area for ORV use or as a nest relocation site.  Areas with high historic nesting 

percentages and low incidence of overwash and washout ought to be designated as non-

ORV.  The possible skewed sex ratios present a risk for a recovering population.  ORV 

use should be discontinued in order to correct sex ratio. 
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CHAPTER 1 
INTRODUCTION 

My study examined the effects of ORV use on loggerhead sea turtles (Caretta 

caretta) nesting on the beaches of North Carolina, USA.  The variables I evaluated were 

false crawl percentages, nest percentages, emergence success, incubation period, and 

habitat quality.  I also estimated the effect on sex ratio of emerging hatchlings caused by 

temperature differences between ORV and non-ORV beaches. 

Sea turtles are ancient reptiles that have been swimming the oceans and nesting on 

beaches long before there was a human species.  A great deal has changed since sea 

turtles coexisted with dinosaurs.  Today all extant species of sea turtles are listed on the 

Endangered Species Act as either threatened or endangered.  During the 100 million 

years sea turtles have existed, their numbers presumably have fluctuated with different 

habitat limiting factors and predation (Spotila 2004).  It is now that sea turtles face their 

greatest challenge to existence due to direct and indirect interactions with humans. 

The journey to the nesting beach is often a treacherous one for the gravid female.  

The females become entangled in fishing gear, ingest plastics, collide with boats (Tisdell 

and Wilson 2002), are sucked into dredging equipment, and damaged in oil-platform 

removal (Lutcavage et al. 1997).  Once on the beach, sea turtles may be directly taken for 

commercial use or scared away by tourists (Tisdell and Wilson 2002).   

 The majority of unnatural deaths of sea turtles are attributed to commercial 

fisheries.  Sea turtles can be caught in crab pots, longline fishing hooks, or shrimping 

trawl nets (Tisdell and Wilson 2002). It is estimated that shrimping alone kills 5,000 to 
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50,000 loggerheads per year.  As of 1990, approximately 500-5,000 loggerhead 

mortalities per year were caused by fishing other than shrimping (National Research 

Council 1990). 

Recently longline fishing has become a critical threat to sea turtle survival 

(Spotila et al. 2000).  There are 40 nations participating in longline fishing.  The longline 

fishing effort was estimated at 1.4 billion hooks in the water in 2000 (Lewison et al. 

2004).  In 1999, it was estimated that 769 loggerhead sea turtles were caught in pelagic 

longline fishing in the U. S. Atlantic waters (Yeung 2001).  Another study concluded that 

200,000 loggerheads were caught in pelagic longlines worldwide in 2000 (Lewison et al. 

2004). The hooks used in longline fisheries are considered by fishermen to be too 

expensive to lose.  Some fishermen illegally cut the throats of the turtle to save their 

hooks (Casale and Cannavo 2003).    

The term “take” refers to the killing or harvesting of a wild species. It is estimated 

that dredging results in the mortality of 500-5,000 loggerheads per year.  Collision with 

boats causes the mortality of 50-500 loggerheads per year.  Oil-rig removal ends the lives 

of 10-100 loggerheads per year (National Research Council 1990).   

The United States is on a long list of countries that previously participated in the 

selling and buying of commercial turtle meat (Groombridge and Luxmore 1989, Eckert 

1993, Tisdell and Wilson 2002).  Due to the protected status of all sea turtles in the 

United States, the legal take of sea turtles for commercial use has stopped.  Most of this 

commercial take has been discontinued throughout the world, as all species of sea turtles 

have been listed on the International Union for Conservation of Nature and Natural 

Resources (IUCN) red list of endangered species (Marine Turtle Specialist Group 1996) 
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and in Convention for  International Trade of Endangered Species (CITES) appendix 1.  

This classification prohibits commercial trade from or to any country that has signed the 

CITES agreement (cites.org n. d.).   

Tourism and ecotourism impact sea turtles in various direct and indirect ways.  

Indirectly, tourists may leave beach chairs, umbrellas, and trash on the beach which could 

interfere with or prevent a turtle from nesting (Arianoutsou 1988).  Tourists directly 

interact with turtles by taking pictures, using flashlights, riding on, or touching nesting 

turtles.  Any of these direct interactions can cause an aborted nesting attempt or possible 

injury to the turtle and/or tourist (Campbell 2003).    

Beach armoring can accelerate the rate of erosion on a nesting beach.  Nests laid 

near an armoring structure will potentially have a greater occurrence of overwash, thus 

reducing hatching success.  The term “overwash” refers to water from the ocean washing 

over a sea turtle nest.  If overwash becomes severe, the whole nest could be lost to the 

tide.  Renourished (sand replaced) beaches often become too hard for digging by nesting 

females.  Hatchlings also have difficulty emerging from nest cavities on renourished 

beaches.  These beaches can remain hard for many years (Steinitz et al. 1998).   

Artificial lighting has resulted in the deaths of countless hatchlings (Hayes and 

Ireland 1978, Mann 1978, Philibosian 1976, Witherington and Martin 2003).  Sea turtles 

have been shown to move towards brighter areas.  Loggerheads can see wave lengths 

ranging from 360-700 nm, but they are xanthophobic.  Xanthophobic means an aversion 

to yellow-orange light (wave lengths higher in the visual range of the turtle) (Bartol and  

Musick 2003, Gould 1998).  Sometimes other light from streetlights, cars, hotels, houses, 

and lighthouses is mistaken by hatchlings as the ocean.  The result of this can be 
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hatchlings hit by cars, stepped on by people, or the death of hatchlings from dehydration 

(Witherington and Martin 2003).    

Survivorship varies greatly with changing life stages of sea turtles.  Loggerhead 

survival rates from egg to adulthood are very low, estimated at 1 or 2 per 1,000 (Frazer 

1986).  Adult loggerhead survival rates were estimated at 0.875 (Chaloupka and Limpus 

2001).  Another study had similar conclusions with an adult survivorship at 0.809 

(Heppell 1998).  Survivorship of loggerhead hatchlings has been estimated at 0.93 

(Witherington and Salmon 1992).  The mean annual survivorship of loggerhead 

hatchlings was estimated in another study at 0.675 (Heppell 1998).   

 Most of these potential threats have been thoroughly evaluated, but there remains a 

dearth of information about the effect of ORV use on sea turtle nesting beaches.  My 

study examined whether ORV use presents a significant threat to the reproductive success 

of the loggerhead sea turtle. 

In 1967, Archie Carr wrote, “the hold of Caretta on shores of the United States is 

slipping fast.  Many of the best of the old loggerhead beaches have become cluttered with 

people and the constant traffic of cars” (Carr 1967 p. 223).  Since Carr made that 

statement, there has been a considerable change in the availability and use of ORVs.  The 

soft, sandy beaches of the North Carolina shore cannot be successfully driven in a two-

wheel drive vehicle (personal observation).  Human use of the coast for recreation has 

greatly increased along with the growth of the human population.  Four-wheel drive 

vehicles were not available to civilians until after WW II (Blodget 1978).  The popularity 

of ORVs has dramatically increased.  Off-road driving is one of the fastest growing 

recreational activities in the United States.  In 2001, 36 million Americans participated in 
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ORV use.  It has been estimated that 3.2% of the population of North Carolina 

participated in ORV use from 1999-2004 (Cordell et al. 2005).   

Loggerhead Status 

On July 28, 1978, the loggerhead sea turtle was listed as threatened under the 

Endangered Species Act throughout its entire range.  The Endangered Species Act of 

1973 defines “threatened” on page 6 as, “any species which is likely to become an 

endangered species within the foreseeable future throughout all or a significant portion of 

its range.”  A species listed as threatened was afforded the same protection under the law 

as a species listed as endangered and was subject to a federal Recovery Plan (Senate and 

House of Representatives of the United States of America 1973).  The most recent 

Loggerhead Recovery Plan was prepared in 1991 and presented threats to the species.  A 

new version of the Loggerhead Recovery Plan is currently being drafted, but has not been 

released to the public at this time.  

The loggerhead’s range spans both hemispheres in temperate and tropical waters.  

The Atlantic, Pacific, and Indian Oceans are all included in the loggerhead range (Bolten 

2003).  My study evaluated nesting activity at the northern end of the loggerhead range.   

Within the United States, 35% to 40% of the world’s loggerhead turtle nests are 

laid.  This large nesting aggregation ranked the southeastern United States as the second 

largest loggerhead nesting aggregation in the world (Bjorndal et al 1983, Meylan et al. 

1995).  There are approximately 53,000-92,000 loggerhead nests laid in the southeastern  

United States every year.  Approximately 6,200 nests are laid in the northern breeding 

area (TEWG 1998).    This northern nesting group appears to be decreasing at a rate of 

3% per year (Frazer 1986). 
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General Description of Loggerheads 

 
Figure 1-1. Loggerhead returning to the ocean after nesting on Bodie Island of Cape 

Hatteras National Seashore, North Carolina, USA in summer 2005.  Photo by 
Jenn Snukis. 

The most abundant sea turtle nesting on North Carolina beaches is the loggerhead 

(Epperly et al.1995).  Adult loggerheads have a reddish-brown carapace and scales.  

Adult loggerheads in the southeastern United States weigh an average of 115 kg (Nester 

and Giuliano 2006).  The age at which sexual maturity is reached is estimated at 22 years 

(Crowder et al. 1994). 

Loggerheads in the southeastern United States nest during summer months on the 

high energy beaches of the barrier islands.  Mating normally takes place from March to 

early June.  Nests can be laid as early as April and as late as September.  In order to lay a 

successful nest, a female needs access to loose, deep sand that is above the high tideline 

(Miller 1997).  The typical loggerhead nest at night, but there is an occasional exception.  

Since most turtles follow this night nesting rule, it is feasible to count the number of nests 

laid each night by surveying the following morning (Schroeder et al. 2003).   Females 
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nesting at night can perceive light and movement and be easily frightened resulting in an 

aborted nesting attempt, also called a false crawl (Arianoutsou 1988).   

In order to assess the potential impact of ORVs on the nesting and reproductive 

success of loggerheads, I compared the following: 

• proportion of false crawls and nests on ORV and non-ORV beaches 
• emergence success of hatchlings from nests laid on ORV and non-ORV  beaches 
• average number of incubation days for nests laid on ORV and non-ORV beaches 
• rate of nest relocation for ORV and non-ORV beaches 
• amount of overwash and washout of nests on ORV and non-ORV beaches 
 
I also compared the following characteristics for ORV and non-ORV beaches and 

assessed the relationship of these characteristics on the proportion of false crawls and 

emergence success of hatchlings from nests: 

• beach slope 
• beach width 
• sand grain size 
• sand compaction 
• beach temperature 
• relative amount of pedestrian use 
• amount of light on beaches (545-700 nm and 300-500 nm) 
• year effects over the 6 year period from 2000-2005 

 
The National Park Service and U. S. Fish and Wildlife Service controlled about 150 

miles (241 km) of coastline in the area my study took place.  The National Park Service 

and U. S. Fish and Wildlife Service administered the Endangered Species Act and the 

Loggerhead Recovery Plan.  The U. S. National Park Service at Cape Lookout and Cape 

Hatteras was not operating under a finalized management plan or a sea turtle incidental 

take permit.  Cape Hatteras has made many failed attempts to finalize a management 

plan.  A 1978 draft plan was the management plan Cape Hatteras operated under for a 

portion of my study period.  Cape Lookout had a Five Year Strategic Plan that mentions 

ORV use, but lacked any formal ORV management plan. 
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The effects of ORV use on sea turtles have not been adequately researched.  In the 

Cape Hatteras 1978 Draft ORV Management Plan, there was not a program of scientific 

study in place (National Park Service 1978).  During the years since that plan was 

written, there have been only 4 studies involving ORVs and sea turtles.  The Loggerhead 

Recovery Plan addressed the issue of ORV use and listed the possible conflicts.  ORV 

use at night can disturb nesting females and cause aborted nesting attempts.  Vehicles can 

kill or disorient hatchlings.  Furthermore, ORV use contributes to erosion, which will 

eventually deteriorate the quality and quantity of nesting habitats.  The Recovery Plan 

specifically directed the U. S. National Park Service to evaluate the impacts of vehicular 

traffic on loggerhead nesting activities.  The plan mentioned Cape Hatteras and Cape 

Lookout National Seashores as potential trouble areas (NMFS and U. S. Fish and 

Wildlife Service 1991). 

In 1977, a graduate student from Florida Atlantic University conducted research 

showing that sand compaction from driving above a nest can decrease nesting success 

and kill hatchlings (Mann 1977).  Another study was conducted by Paul Hosier of the 

University of North Carolina at Wilmington in 1981.  One of the study sites was Cape 

Lookout National Seashore.  This study concluded that a tire track as deep as 10-15 cm 

could significantly impede a hatchling’s ability to reach the surf (Hosier 1981).  These  

studies gave some information about the effects of beach driving, but the number of 

ORVs on beaches has drastically changed since 1977.  Today ORVs have the potential to 

make a greater impact on sea turtle recovery and survival. 

In recent years, there have been 2 additional studies relevant to this topic.  In 2002, 

the University of Florida published its results from a study on vehicle tracks along the 
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Gulf Coast of Florida, USA.  This study came to the same conclusions as Hosier (Lamont 

et al. 2002).  Researchers at University of North Carolina at Wilmington were contracted 

by the state in 2004 to evaluate ORV use at Fort Fisher State Park in southern North 

Carolina, USA.  The economic impacts of ORV use were reviewed, as well as the 

biological impacts.  This study compared the sea turtle nesting data at Fort Fisher to the 

past data from Bald Head Island, which is located just to the south of Fort Fisher.  The 

management at Bald Head Island did not allow ORV use, while the staff at Fort Fisher 

allowed ORVs with a permit.  The economic impacts were evaluated by Chris Dumas.  

He concluded that a policy of 24 hour ORV use 6 months of the year and daytime only 

ORV use the other 6 months of the year would reduce the indirect and direct benefits to 

the local economy by only 4%.  The biological impact analysis of the study found that 

ORV lights and tire ruts negatively affect nesting adult and hatchling sea turtles.  This 

study stated that restricting ORV use will do little to protect endangered, threatened, or 

rare species.  The only scenario that will benefit all wildlife species would be the closing 

of all areas open to ORV use (Webster et al.  2005). 

Sea turtles are not the only beach-dependent animals affected by ORV use.  There 

have been a few studies on other beach species.  A shorebird study published in 1992 

found that areas of beach with greater than 100 vehicles had reduced abundances of 13 

species of shorebirds.  For example, the short-billed dowitcher is very sensitive and can 

have reduced abundance with only 10 to 40 vehicles present (Pfister et al. 1992).  A study 

in South Africa found that the majority, 80%, of ORV use occurred in areas occupied by 

breeding birds (Watson et al. 1996).  A previous study conducted by Watson concluded 

that oystercatchers are more susceptible to human impacts due to their nesting in areas 
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popular for human use.  Oystercatchers were disturbed by vehicles or pedestrians 

approaching within 40 m of their nest (Watson 1992). 

Beach invertebrate abundance can be greatly reduced by ORV presence.  A study 

on Assateague Island, Virginia, USA found that 98% of invertebrates could be killed by 

100 nighttime passes of an ORV (Wolcott and Wolcott 1984).  Other invertebrate studies 

have concluded that ORV use could bury or crush ghost crabs, interfere with ghost crabs’ 

reproduction, and dry out substrates making them unusable (Steiner and Leatherman 

1981). 

An ORV use impact study on beaches in coastal Australia found that vehicle use 

caused significant damage to beach vegetation.  This study found that ORVs impacted 

large areas of vegetation on a single trip.  When additional trips were added, there was 

little difference observed in the damage to vegetation (Priskin 2003).  At Fire Island, New 

York, USA another study indicated that ORV use on beaches adversely affected foredune 

vegetation. The Fire Island study showed 1 pass per week by an ORV can severely 

damage beach vegetation (Anders and Leatherman 1987).  An additional study at Fort  

Fisher Recreation Area and Baldhead Island, North Carolina, USA concluded that the 

abundance and diversity of beach vegetation was reduced in areas of ORV use (Hosier 

and Eaton 1980). 

A study on the impacts of ORV use on mammalian communities in North Carolina, 

USA found that community structure was altered by ORV use.  Mammal populations 

were 3 times greater in areas of non-ORV use (Webster et. al. 1980). 
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Figure 1-2. Loggerhead returning to the Atlantic Ocean after laying a nest on Ocracoke 
Island of Cape Hatteras National Seashore, North Carolina, USA in summer 
2003.  Photo by Lindsay Nester.   

There are direct and indirect impacts ORVs could have on sea turtle nesting 

activity.  My study addressed the indirect impacts of ORVs on loggerhead activity.  

Habitat and nesting patterns could be altered by ORV use.  In sea turtle nesting activity, 

nest site selection is an important process. Through nest site selection, sea turtles balance 

the trade-offs and potential pay-offs of various nesting sites.  Sea turtles use multiple 

environmental clues when selecting a nest site (Wood and Bjorndal 2000).  Nest site 

selection involves 3 phases: beach selection, emergence of female, and nest placement.   
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Figure 1-3. Sea turtle nest closure sign on Ocracoke Island of Cape Hatteras National 
Seashore, North Carolina, USA in fall 2004.  Photo by Lindsay Nester. 

The complete nesting process involves the following steps: emergence from the 

ocean, climbing the beach, digging a body pit (a hole in the sand approximately the size 

of the turtle’s body), digging the egg chamber (a flask-like hole in the body pit region 

into which the eggs are deposited), egg laying, covering the egg chamber and body pit 

with sand, and returning to the ocean (Miller et al. 2003).  At any time during the nesting 

process, a sea turtle may abort the attempt.  This is termed a false crawl.  There are many 

possible causes for an aborted attempt, including an undesirable location or human 

disturbance (Kikukawa et al. 1999).  To investigate these different possibilities, I 

proposed the following hypotheses: 
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Hypotheses 

False Crawl and Nesting Laying 

1. The proportion of false crawls to nests will be higher on ORV beaches.  
Conversely, nest laying will be greater on non-ORV beaches.  

2.  The sand, beach, and light characteristics will not significantly influence whether a 
turtle lays a nest or false crawls. 

3. The proportion of false crawls to nests will differ during the 6 year study period.   

Emergence Success 

4. Emergence success will be greater on non-ORV beaches.  

5.  The sand and beach characteristics will not significantly influence the emergence 
success.   

6. The emergence success will vary during the 6 year study period.   

Incubation 

7. The number of incubation days will differ between ORV and non-ORV beaches.   

8. The sand and beach characteristics will not significantly influence days of 
incubation.  

9.  The number of incubation days will vary during the 6 year study period (for the 
total number of days all nests were incubating on the beach during a given year).   

Habitat Quality 

10. The proportion of nests laid that were relocated will be greater for non-ORV 
beaches.  

11.  The amount of overwash and washout will be greater on non-ORV beaches.   

Sand and Beach Characteristics 

12.  The sand characteristics (particle size distribution and water content) will not be 
significantly different between ORV and non-ORV beaches.  The beach 
characteristic slope will not differ significantly between ORV and non-ORV 
beaches.  The remaining beach characteristics (width, width adjusted for tidal 
variation, compaction, temperature, and pedestrian use) will differ between the two 
site types.  Width and compaction will be less on non-ORV beaches, while 
pedestrian use will be greater on non-ORV beaches. Temperature will be 
significantly greater on non-ORV beaches.  The amount of light 545-700 nm and 
300-500 nm will be greater on non-ORV beaches. 
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Conclusion 

There are numerous reasons I evaluated the effects of ORV use on loggerhead sea 

turtles at Cape Hatteras and Cape Lookout National Seashores.  Loggerhead sea turtles 

are listed as threatened under the Endangered Species Act (Senate and House of 

Representatives of the United States of America1973), and their population is thought to 

be declining (Frazer 1986).  In addition to ORV use, sea turtle hatchlings and their eggs 

face many threats to survival (National Research Council 1990).  Any impacts ORV use 

have on loggerhead sea turtles could potentially be exacerbated by increased ORV use.  

My research on the impact of ORV use on the nesting activity of loggerhead sea turtles 

could aid in the drafting of ORV management plans. 
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CHAPTER 2 
METHODS 

I conducted my study during the 2000-2005 nesting seasons at Cape Hatteras 

National Seashore, Cape Lookout National Seashore, and Pea Island National Wildlife 

Refuge.  All of these coastal areas were in the state of North Carolina.  The study sites at 

Cape Hatteras National Seashore consisted of Bodie Island, Hatteras Island, and 

Ocracoke Island.  Cape Lookout National Seashore study sites were located on South 

Core Island and North Core Island.  Pea Island National Wildlife Refuge study site 

consisted only of the area called Pea Island. 

Study Sites 

This study was conducted at 3 different areas in North Carolina: Cape Hatteras 

National Seashore, Cape Lookout National Seashore, and Pea Island National Wildlife 

Refuge.  Each site differed in size, nesting activity, and, in some cases, ORV use and 

regulation.  The miles of beach open to ORV use varied from year to year.  The only year 

with records kept for ORV use mileage was 2005 during which approximately 43 mi (69 

km) were non-ORV and 87 mi (140 km) were ORV use.  Any area within my study range 

on Pea Island National Wildlife Refuge, Cape Hatteras National Seashore, and Cape 

Lookout National Seashore was sampled for sea turtle nesting activity and eligible for 

selection for sampling sand and beach characteristics. 

Background Information on Cape Hatteras 

Cape Hatteras was the first National Seashore to join the U. S.  National Park 

Service system in 1937.  The bill approved by Congress stated that the Seashore should 
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cover approximately 100 mi2 (approximately 256 km) of the Outerbanks (National Park 

Service: Expansion of the NPS in the 1930s (Chapter 4) n. d.).  The Park stretched from 

Bodie Island to Ocracoke Island and consisted of 3 islands: Bodie Island, Hatteras Island, 

and Ocracoke Island.  There were 8 villages along this stretch, which were not 

incorporated into the Park (National Park Service 1978).   

 

Figure 2-1. A typical weekend day in an ORV use area on Ocracoke Island of Cape 
Hatteras National Seashore, North Carolina, USA in summer 2005.  Photo by 
Lindsay Nester. 

Cape Hatteras National Seashore was located at the southern end of the 

Outerbanks and was broken into 3 districts.  The district to the north was Bodie Island.  It 

was about 15 mi (about 24 km) long and was connected to the island of Nagshead via a 

bridge.  Nagshead was also connected to the mainland via a bridge.  The Bodie Island 

district had the lowest sea turtle nesting occurrences (about 11 per year).  There was little 

development and only a few Park residences on the beachfront.  The middle district was 

Hatteras, and it was connected to Bodie Island by a highway.  Hatteras was the largest of 

the 3 districts, and this was the location of the majority of sea turtle nesting activity in the 
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Park.  It was about 30 mi (about 48 km) long and averaged 45 nests per year.  There was 

heavy residential development on the beachfront.  Ocracoke Island was the southern-most 

island.  It was 14 mi (about 22 km) long and reachable only by ferry.  It averaged about 

21 nests a year.  The island had a small village located on the sound side and no 

beachfront development.   

When the Park was established, Congress promised residents would still be able to 

fish as a trade under the rules established by the Department of the Interior.  Areas not 

well situated for recreation were to remain wild to preserve the natural floral and fauna.  

In 1938, the U. S. National Park Service expressed their planned policy in the form of 

enabling legislation for managing the Seashore.  The primary purpose of the Seashore 

was recreation.  It was the U. S. National Park Service’s intention to provide for all forms 

of beach recreation.  The second priority of management was to protect the area for its 

historical, geological, forestry, and wildlife features (National Park Service: Expansion of 

the NPS in the 1930s (Chapter 4) n. d.).  When this management policy was transcribed 

in the 1930s, there were no civilian ORVs.  So there was no mention of ORVs as a form 

of recreation or use with fishing. 

Background Information on Cape Lookout 

Cape Lookout was an undeveloped natural barrier island chain located to the south 

of Cape Hatteras.  The Seashore established on March 10, 1996, by Public Law 89-366 

contained over 11,331 ha of land in central coastal North Carolina, USA.  There was a 

back dune road behind the primary dune line that was open to ORVs.  Cape Hatteras and 

Cape Lookout were similar, as they allowed ORVs 24-hour beach access every day of the 

year.  There was no ORV permitting system at either Park.  Cape Lookout had 2 
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concessionaires which transported vehicles and passengers.  In addition, 8 other ferry 

services provided transportation for passengers only. 

 

Figure 2-2. A typical weekend day on North Core Island of Cape Lookout National 
Seashore, North Carolina, USA in summer 2004.  Photo by Lindsay Nester. 

Cape Lookout started an island chain referred to as the Core Banks and consisted 

of 4 main islands.  North Core Island was about 22 mi (about 35 km) long and was 

reachable only by boat.  Boats from Ocracoke Island transported tour groups and ATVs.  

Ferries from the mainland transported people and cars.  The ferries were commercial and 

charged at least $70 to bring over a vehicle.  North Core Island averaged 48 nests a year.  

There were no permanent residences, but rental cabins with electricity were located on 

the beachfront.  Middle Island was small and reachable only by private boat.  There were 

no commercial or residential developments, but there was some ATV use.  Turtles nested 

on Middle Island, but no one consistently monitored this area.  It was thought that less 

than 10 nests were laid per year.  Middle Island was excluded from my study.  

Shackleford Banks was located to the south of North and South Core Islands.  ORV use 

was prohibited on this island.  Due to lack of consistent turtle monitoring, Shackleford 
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Island was excluded from this study.  The southern-most island was called South Core.  It 

was similar to North Core in size and accessibility, but exceeded North Core in nests laid.  

South Core averaged over 71 nests a year.  Park employees lived in the lightkeeper’s 

house and a small cabin on the beachfront.  Rental cabins with electricity were available 

to the public. 

Background Information on Pea Island 

Pea Island National Wildlife Refuge was located between the Bodie Island and 

Hatteras Island districts of Cape Hatteras National Seashore.  The Refuge was 

approximately 13 mi (about 20 km) long and received over 2.5 million visitors a year (U. 

S. Fish and Wildlife Service: Refuge Facts n. d.).  The Refuge was open to public 

visitation during daytime hours.  A nighttime fishing permit could be obtained from 

September 15 to May 31.  Driving a motorized or non-motorized vehicle was prohibited 

at all times on Refuge property (U. S. Fish and Wildlife Service: Refuge Regulations n. 

d.).  Turtle activity was minimal in this area with only 0 to 10 loggerhead nests a year. 

 

Figure 2-3. A typical weekend day on Pea Island of Pea Island National Wildlife Refuge, 
North Carolina, USA in summer 2005.  Photo by Lindsay Nester. 
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Figure 2-4. Study sites in Cape Hatteras National Seashore and Pea Island Wildlife 
Refuge, North Carolina, USA. 
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Figure 2-5. Study sites in Cape Lookout National Seashore, North Carolina, USA. 
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From June 1st to August 31st beginning at 6am I, along with Park Service and 

Refuge personnel, conducted a daily patrol on the shoreline of the entire length of each 

island or coastal area within the study sites.  This patrol was carried out by ATV, truck, 

or foot depending on equipment availability and situation.  On days the weather did not 

permit safe patrol, it was postponed.  As conditions improved, the patrol was continued 

and completed. 

Nesting Data Collection 

From 2003 to 2005, I collected nesting data on Ocracoke Island of Cape Hatteras 

National Seashore.  Nesting data collection for other study sites was completed by Park 

or Refuge personnel.  When a sea turtle track was discovered, it was evaluated to 

determine the type of nesting event.  Locations with evidence of turtle digging were 

carefully examined to determine if eggs were present.  If egg presence was visually 

confirmed, the activity was recorded as a “nest.”  If eggs were not located, but the turtle 

had dug a body pit showing signs of nest laying, the activity was recorded as a “dig.”  A 

“body pit” was defined as a disturbance in the sand caused by a nesting female sea turtle.  

The nesting female dug a hole large enough for her body to rest in during the egg laying 

process.  A dig was treated and marked as if it were a nest.  After hatching, all activities 

marked as digs were determined to be either a nest or a false crawl.  During daily checks, 

if a dig showed signs of hatching, the dig was recorded as a “nest”.  If the dig did not 

show signs of hatching, the area would be dug up to determine the dig’s status.  Turtle 

tracks with no evidence of digging or nesting were recorded as “false crawls,” and these 

usually had a recognizable shape.   
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Figure 2-6. Loggerhead false crawl on Ocracoke Island of Cape Hatteras National 
Seashore, North Carolina, USA in summer 2005.  Photo by Lindsay Nester. 

The species were determined by species specific crawl patterns.  Data was 

recorded on the individual crawl record form for most study sites.  Leatherbacks made 

the largest crawl pattern and moved both front flippers at the same time.  Green turtles 

had much smaller crawls than leatherbacks, but green turtles also moved both front 

flippers at the same time.  Loggerhead turtles had crawl patterns about the same size as 

green turtles, but made alternate flipper patterns.  In addition, loggerheads rarely drug 

their tail through a crawl.  The rarely seen Kemp’s crawl was much smaller than all other 

species.  The Kemp’s crawl was generally made during the day and had alternate flipper 

patterns (Pritchard and Mortimer 1999).   
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Figure 2-7. Green turtle crawl on Hatteras Island of Cape Hatteras National Seashore, 
North Carolina, USA in summer 2005.  Photo by Jenn Snukis. 

 

Figure 2-8. Loggerhead turtle crawl on Hatteras Island of Cape Hatteras National 
Seashore, North Carolina, USA in summer 2005.  Photo by Jenn Snukis. 
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The physical beach location of crawls was determined for each crawl, and the 

methods used varied from site to site.  At Cape Hatteras and Cape Lookout, Park staff 

used mile markers to determine physical location of crawls.  Mile markers were 

numbered signs posted on the beach and corresponded to beach mileage.  At Cape 

Lookout, markers were placed every mile.  In contrast, mile markers occurred at every 

ORV ramp entrance on Cape Hatteras.  The Cape Hatteras markers were numbered to 

correspond with beach mileage, but did not occur every mile.  When a crawl was found at  

Cape Lookout and Cape Hatteras, the odometer on a Park Service ATV or truck was 

zeroed.  The vehicle was then driven to the nearest mile marker and the distance 

determined.  The distance, the mile marker number, and the direction (north, south, east, 

or west) was logged. 

Physical locations on Pea Island were determined by the distance from the Pea 

Island Refuge base of operation.  This base was located at the Pea Island Visitor Center 

on Highway 12.  The odometer on the U. S. Fish and Wildlife Service ATV was zeroed at 

the Pea Island Visitor Center.  The distance from the visitor center to crawls along the 

beach was determined by odometer mileage.  All data was recorded on a Crawl Record 

Sheet (Figure 2-9). 

The sea turtle management zone was determined by the physical location using 

maps in the Handbook for Sea Turtle Volunteers in North Carolina.  Sea turtle 

management zones for the state of North Carolina start at the North Carolina Virginia 

border at mile 1.  The numbers continue in 1 mile intervals throughout the state of North 

Carolina to the North Carolina South Carolina border.  These numbers were created by 

the state of North Carolina to monitor sea turtle activity within the state.  During my 
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study period, staff at Cape Hatteras and Pea Island recorded management zones.  Staff at 

Cape Lookout discontinued the use of management zones before my study commenced.   

 

 
Figure 2-9. Crawl record data sheet from Handbook for Sea Turtle Volunteers in North 

Carolina, USA (North Carolina Wildlife Resources Commission 2002). 
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Figure 2-10. Map of sea turtle management zones for Cape Lookout National Seashore. 
Each tickmark equals 1 mile.  Sea turtle management zones were determined for false 
crawl and nesting activities within Cape Hatteras National Seashore and Pea Island 
Wildlife Refuge, North Carolina, USA (North Carolina Wildlife Resources Commission 
2002). 

The Global Positioning Satellite (GPS) coordinates were taken, recorded, and 

saved on the GPS unit.  Typically, Park and Refuge personnel used physical location, 
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rather than GPS coordinates, when returning to a nesting site.  GPS coordinates were 

used to locate nests after major storm events.  Often major storm events removed 

temporary nest markers placed near the nest.  If the activity was a dig, the coordinates 

were taken from the middle of the body pit.  If immediate danger was determined, the 

nest was relocated.  Nests were assessed for their danger of being lost due to erosion, 

overwash, or collapsing escarpment.  At Cape Hatteras, nests were relocated from ORV 

areas to the closest area of non-ORV use.  Non-ORV nests relocated at Cape Hatteras 

were moved to the nearest safe area of non-ORV use.  At Cape Lookout, nests were 

relocated to areas designated for relocation.  These areas were considered safe from 

overwash and did not disrupt ORV use.  At Pea Island, nests were relocated to designated 

areas deemed safe from overwash.  The relocated nests at Pea Island, Cape Hatteras, and 

Cape Lookout were not used in the emergence success evaluation.   

I used physical locations and management zones to determine the best access 

point by ATV or truck during my sand and beach characteristic data collection.  GPS 

locations were used to find the specific location of false crawls and nests during 

nighttime hours.  I used data recorded at Cape Hatteras to determine whether a turtle 

activity was in an ORV or non-ORV area.  All turtle activities at Pea Island were 

considered to be in non-ORV areas and turtle activities at Cape Lookout in ORV areas. 

Each turtle nest was marked and protected from human disturbance.  The specific 

methods of marking varied within the study area.  At Cape Hatteras sea turtle nests were 

marked using 4 carsonite or wooden signs (Figure 1-3).  These signs stated “Sea Turtle 

Nesting Area” and “No Entry.”  At Pea Island, nests were marked with wooden post 

signs similar to those used at Cape Hatteras.  Conversely, at Cape Lookout 2 white PVC 
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pipes were placed on the ocean and dune side of the nest (Figure 2-11).  The nests were 

also covered with a wire screen to prevent predator entry.   

After 55 days, when a nest approached its estimated hatching date, each closed 

area was expanded by moving signs from the original nest closure of about 4 ft x 4 ft (1.2 

m x 1.2 m) to the area from the surf to approximately 30 ft (9 m) behind the nest.  

Pedestrians and ORVs were not allowed to enter this area.  The North Carolina 

Handbook set forth the following guidelines for the distance along the beach of the closed 

area:  In non-ORV areas with little pedestrian use, the area closed was expanded to 75 ft 

(about 22 m) wide from dune to ocean.  This expanded area was approximately 37 ft (11 

m) wide on either side of the nest.  Non-ORV areas with high pedestrian use were 

expanded to 150 ft (about 45 m) from dune to ocean.  This expanded area was 

approximately 75 ft (22 m) on each side of the nest.  In all ORV use areas the closure was 

enlarged to 300 ft (about 91 m) or about 150 ft (45 m) on both sides of the nest.    

At Cape Hatteras, there were specific guidelines for turtle closures in most 

situations.  If the nest was 30 ft (about 9 m) or more from the dune or vegetation, traffic 

was directed behind the nest with arrow signs that were visible at night   If the nest was 

too close to the dune for redirection, the whole area (dune to ocean) was closed to ORVs.  

In this case, ORVs would not be able to get around the nest.  

 On Cape Lookout, the traffic was rerouted if possible behind the nest to the back 

beach road located behind the primary dunes.  Within most of the study area, tire ruts and 

footprints were removed by hand with a rake or broom in the area closed.  If people or 

vehicles entered the closed area, new footprints or tire tracks were removed daily by staff 

conducting the morning patrol. 
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Figure 2-11. Nest marking on South Core Island of Cape Lookout National Seashore, 
North Carolina, USA in summer 2005.  Photo by Lindsay Nester 

Hatching Data Collection 

Emergence was determined by the presence of hatchling tracks from the known 

nest location.  After hatchlings emerged from the nest, the nest was excavated.  The term 

“excavation” referred to digging into the nest cavity and evaluating the contents.  If a 

mass emergence (a large number of hatchlings, usually 30 or more, leaving the nest 

cavity in 1 event) was determined, the nest was excavated 72 hours after emergence.  If 

the emergence occurred over several days with fewer than 30 sea turtle hatchling tracks 

per day, the nest was excavated 120 hours after the first emergence.  If nests experienced 

periods of heavy rain or overwash, the excavation was delayed.  These nests were not 

excavated until incubating for at least 90 days.  After emergence occurred from an 
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overwashed nest, a 120-hour wait was required regardless of the rate of emergence.  The 

state of North Carolina required waiting periods that varied from 72 hours to 90 days to 

protect the natural environment within the sea turtle nest cavity. 

 
Figure 2-12. Nest excavation on Hatteras Island of Cape Hatteras National Seashore, 

North Carolina, USA in summer 2004.  Photo by Lindsay Nester 

The nests I excavated were inventoried (contents evaluated and counted), and the 

data recorded on the individual crawl record.  I recorded number of whole egg shells with 

more than half the egg intact (ES), number of whole unhatched eggs (UH), number of 
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pipped eggs with live or dead hatchlings (PE), number of dead hatchlings (DH), and the 

number of live hatchlings (LH).  “Pipped eggs” are eggs that contain hatchlings partially 

out of their shell.  Sea turtle eggs are leathery and do not normally break into fine pieces 

upon hatching (Figure 2-12).  I calculated the total clutch size (TCS) using the formula 

TCS = (PE + UH + ES).  The emergence success was calculated by (ES – (LH + DH + 

PE + UH)) / TCS.  This was a standard method for determining emergence success 

(Miller 1999, North Carolina Wildlife Resources Commission 2002).   

Beach Characteristics Data Collection 

During the summer of 2005, I collected data on sand composition, sand 

compaction, sand color, sand temperature, light intensity, pedestrian activity, beach 

width, ORV use, and beach slope.  I gathered data for all of these factors, except light 

intensity and sand composition, 3 different times during the 2005 season for Cape 

Lookout and Cape Hatteras.  Light intensities were measured once at each site during the 

2005 nesting season.  Sand composition data was collected daily.  Pea Island was added 

to the study in August of 2005 and was sampled only once.   

Each island was sampled every 3 weeks for a total of 3 times.  Sampling consisted 

of recording information on sand compaction, sand temperature, pedestrian activity, 

beach width, and slope.  Any nest and false crawl sites from the previous 3 weeks were 

eligible for sampling, and a random sample chosen from among this set.  A number 

representing each nest and false crawl site was written on similar-sized pieces of paper, 

and 12 papers were blindly selected as sampling sites.  If the location was within 0.4 km 

from an area previously sampled, I did not sample that area again.  An additional 
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numbered piece of paper was not selected for a sampling site.  Some weeks, this resulted 

in less than 12 sites sampled.  

Sand samples for composition analysis were taken the following morning after a 

nest was laid from some nests and false crawls during the 2005 season.  A sample of 

approximately 120 g was taken from the mid-section of the body pit.  A study has shown 

that sand mixes well, and sand particle size does not differ significantly with sea turtle 

nesting depth (Bert et al. 2002).  If the eggs were relocated, the sample was taken from 

the bottom of the cavity.  If the nesting activity was a false crawl, the sample was taken 

from the apex of the crawl.  For all samples, the dry top layer of sand was removed and 

the jar inserted into the sand.  The jars had a tight seal and were tested for their ability to 

maintain moisture content.  I brought the jars to the lab and recorded the initial weight to 

the nearest tenth of a gram.  Before viable samples were opened, I experimented with 14 

jars of samples from an island in the Core Banks that was not used in my study.  I 

determined that 6 hours of drying at 125o C was adequate to remove all water that could 

be removed by evaporation and for the sample to reach a constant weight.  The samples 

were opened and placed into a drying oven at 1250 C for 6 hours.  The samples were then 

closed, cooled, and weighed at room temperature to determine water content.  Moisture 

content of the sand was determined by weight lost in grams during the drying process.  I 

placed 100 g of dry sample into a mechanical sand shaker with varying sieve sizes for 4 

minutes.  The sieve sizes used were: size 18 (1.00 mm), size 35 (500 µm), size 60 (250  

µm), and size 120 (125 µm).  I logged the weight of sand retained by each sieve size 

(Blott and Pye 2001).  I was advised on sand analysis procedure by Mario Mota (Mota 

unfinished). 
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Sand color was determined using the Munsell Soil Color Charts.  The sand 

samples were matched to the color chips on the chart for hue, value, and chroma.  Hue 

indicated the color’s relationship to red, yellow, green, blue, and purple.  Value specified 

the color’s lightness.  Chroma designated its strength or departure from the neutral color 

of the same lightness.   

Sand compaction was determined with the use of a penetrometer from the Ben 

Meadows Company “soil compaction tester” with a model number 6JB-221005 and a 

gauge from 50 psi to 500 psi.  I inserted the penetrometer to a depth of 6 cm.  Two 

readings were taken 1.5 m from the false crawl or nest on each side of the activity (north 

to south).  If the activity was a false crawl, I took readings 3 m from the tideline.  If the 

activity was a nest, I took readings directly parallel to the north and south of the nest. 

 

Figure 2-13. Penetrometer being used to determine the compaction and psi for a false 
crawl on Ocracoke Island, North Carolina, USA in summer 2005.  Photo by 
Jill Smith 
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I took light intensity (irradiance) measurements at night using the IL1700 Research 

Radiometer from International Light.  The Radiometer range was over a 10 billion to 1 

watts/cm^2 dynamic.  Two spectral bandwidths were used measuring light intensity at 

300-500 nm (bluish) and 545-700 nm (orange-yellowish) in watts/cm^2.  I took readings 

at Cape Lookout and Cape Hatteras approximately every 5 km along the shoreline within 

a few days of the new moon.  The readings for Pea Island were taken a week after the 

new moon.  I placed the light meter at turtle eye level (approximately 0.3 m off the 

ground) at the high tide mark on the beach.  The light meter was facing toward the 

primary dune line to simulate a sea turtle’s nesting approach.  Three readings were taken 

at every location using both a 300-500 nm and 545-700 nm bandwidths. 

The amount of pedestrian use was determined by counting footprints in an area.  I 

walked and counted pedestrian tracks along 2 transects for each area sampled.  Transects 

were 9 m on either side (north to south) of the nest or false crawl.  This procedure was 

followed in order to limit the number of turtle patrol footprints included in the count.  

Transects were established by dropping a tape measure from dune to tideline.  The 

number of pedestrian tracks that physically intersected (touched) the tape measure were 

recorded.  In order to control for subjectivity of counts, I made all observations.  

The width of the beach was taken from dune or primary vegetation line to tideline 

at each nest or false crawl location.  I took measurements with a plastic tape measure at a 

variety of times within the tide cycle.  The tape measure was placed at the primary dune 

line and the other end of the tape measure taken to the tideline following the shortest 

route perpendicular to the dune and ocean.   
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Figure 2-14. Footprint touching a transect line for pedestrian counts.  Photo by Paul    
Nester. 

The beach width was standardized to mean high tide using the formula (most 

recent high tide – mean high tide at location) /sin(slope).  The most recent high tide was 

determined from the tidal table on the day and time of recording widths (Pentcheff 2006).  

The mean high tide at the location was 1.056 ft (0.32 m) above tide datum at given tide 

location.  The (+ or –) deviation above or below mean high tide was then added to the 

observed widths.  This resulted in adjustments of -13 ft (4 m) to +27 ft (8 m) to standard 

beach width. 

The numbers of ORVs on the shoreline at night were recorded on 3 Friday nights 

during the loggerhead sea turtle nesting season.  Each island was driven once from south 

to north, and the number of vehicles recorded.  ATVs and ORVs were logged separately.  
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All terrain vehicles, usually with 4 wide tires, were referred to as “ATVs” in my study.  

Vehicles were included in the counts regardless of motion or headlight use.  Counts were 

conducted between 10pm and 2am.   

Beach slope was determined using a plastic board and a protractor.  I placed the 

board at the tideline in front of each nesting and false crawl activity.  The mid-part of the 

board was located at the tideline, and the protractor was read from this location.   

 

Figure 2-15. Slope being determined for a false crawl on Ocracoke Island at Cape 
Hatteras National Seashore, North Carolina, USA in summer 2005.  Photo by 
Jill Smith. 

I took sand temperatures to the nearest tenth of a degree Celsius for all selected 

nesting activities that were not relocated.  Two readings were taken for every nest 1.5 m 

on either side of the nest (north to south).  A thermometer was attached to a plastic probe 

and inserted to sea turtle incubation depth of 50 cm.  Temperature data collection was 
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gathered between 10pm and 2am.  There was no need to adjust for time of data 

collection, due to the fact that the temperature remains close to constant at an incubation 

depth of 50 cm (Matsuzawa et al. 2002). 

Statistical Analysis 

The nesting and false crawl data was compiled for the 2000-2005 study period, and 

I labeled each nest or false crawl “ORV” or “non-ORV.”  Pea Island’s activities were 

labeled “non-ORV” and Cape Lookout’s activities were labeled “ORV.”  Cape Hatteras’ 

activities were labeled either “ORV” or “non-ORV” depending on location.  A “washout” 

was defined as a nest that was at least partially lost to the sea.  If a nest was partially or 

totally lost to the tide, I entered the response “yes” into the appropriate column.  

“Overwash” was defined as a nest that was at least partially covered by the tide at some 

point during incubation.  Unlike washout, no eggs were physically lost to the tide.  If a 

nest received any amount of overwash during incubation, the response “yes” was entered 

into the overwash column.  Frequencies, chi squares, and logistic models were all carried 

out using SAS software (SAS Institute 2001).  T-tests and standard least squares models 

were conducted in the JMP software (SAS Institute 2004).  I verified all assumptions for 

each analysis.  The graph of incubation period in days by site type was made using the 

JMP software (SAS Institute 2004).  The graph displayed every data point for ORV and 

non-ORV beaches as black squares.  The green diamonds represented the means of the 

ORV and non-ORV incubation periods.  The blue lines represented the grand means for 

both site types.  

Sand and beach characteristics were associated with the nest or false crawl from the 

same location during the 2005 season.  Light data was matched to the 2 nearest GPS 

coordinates for nests and false crawls.  The amount of light measured for each of the 
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bandwidths (545-700 nm and 300-500 nm) was averaged between the 2 closest points of 

collection.  As a result of stringent criteria of nest selection for temperature data 

gathering, a large enough sample size was not obtained for use in any model analysis.   

False Crawl and Nesting Laying 

• (1) I created frequencies and chi-square tables for all activities (false crawls and 
nests) for 2000-2005.  Input from a statistical advisor was utilized in making these 
tables. 

• (2) A stepwise logistic regression using model success as “nest” being the activity 
type present was used for the 2005 nesting and false crawl data.  The sand 
characteristics (sand size 18, 35, 60, and 120, along with water content), beach 
characteristics (slope, compaction, pedestrian use, and width), and light 
characteristics (545-700 nm and 300-500 nm) were all evaluated in separate 
models.  Each of the 3 models contained sets of variables that were recorded at 
various locations and at different times during the 2005 sea turtle nesting season.  
Each model was checked for multiple co-linearity of variables, and there was none 
present. 

•  (3) I ran a stepwise logistic regression using model success as “nest” representing 
the activity type for 2000-2005 nesting data.  Year of false crawl or nest laying was 
also incorporated into this model.    

Emergence Success 

• (4) Data on emergence success was sorted, and the data was removed for nests that 
were relocated, overwashed, or washedout.  Next, a T-test of the means was used to 
determine statistical significance. 

• (5) I hypothesized that the sand and beach characteristics would not significantly 
affect emergence success.  

• (6) It was hypothesized that emergence would vary during my 6 year study period.  
As a result of the conclusions to the fourth hypothesis the emergence success 
analysis was not conducted for the fifth and sixth hypotheses. 

Incubation 

• (7) Using a T-test, I ascertained the means of the 2 site types (ORV and non-ORV) 
for 2000-2005 nesting data with determined incubation periods.  Incubation days 
were calculated from the date a nest was laid to the first emergence of hatchlings.  
Relocated nests were excluded from this part of the analysis. 
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• (8) Standard least squares models were constructed for the 2000-2005 nesting data 
that contained the number of incubation days excluding relocated nests.  I 
examined the effect on incubation period of beaches with ORV use and beaches 
with non-ORV use in terms of beach characteristics and sand characteristics.  I 
examined the variables: beach characteristics, slope, compaction, pedestrian use, 
width, and date laid in the model.  Date laid was expressed in a format called 
“Julian day,” the day of the year with numbers 1 through 365.  January 1, 2006 was 
written as 2006001.  Sand sieve size 18, 35, 60, and 120, along with water content, 
and date laid were the sand characteristics included in the sand characteristic’s 
model.  The process is explained below using groups to specify variables and 
individual models in Table 2-1.  Each of the 3 models contains sets of variables that 
were recorded at different locations and at various times during the 2005 sea turtle 
nesting season.  Each model was checked for multiple co-linearity of variables, and 
there was none present. 

Table 2-1. Least squares model for incubation period and specified variables.  The 
Groups 1 through 3 represent separate models involving incubation period. 

Group 1 
Size 18 sand 
Size 35 sand 
Size 60 sand 
Size 120 sand 
Water weight 

Date laid 
Group 2 
Date laid 

Slope 
Compaction 

Pedestrian activity 
Width 

Group 3 
Date laid 
Site type 

Year 
Site type*year*day 

 
• (9) I constructed another standard least squares model for the 2000-2005 nesting 

data that contained the number of incubation days excluding relocated nests.  The 
year, date laid, and site type, along with the interactions between all 3 were the 
variables entered into the model.  The date laid was used in a T-test along with site 
type for all nests during the 2000-2005 nesting seasons. 
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Table 2-2. Variables and their definitions used in my study on the effects of ORV use on 

loggerhead sea turtle nesting activity.   
Variable Definition 

Size 18 sand The proportion of sand in grams found in the size 18 sieve out of the total 
100g  of sample used.  18 was the largest grain size sieve used. 

Size 35 sand The proportion of sand in grams found in the size 35 sieve out of the total 
100g of sample used.   

Size 60 sand The proportion of sand in grams found in the size 60 sieve out of the total 
100g of sample used.   

Size 120 sand The proportion of sand in grams found in the size 120 sieve out of the 
total 100g of sample used.  120 was the smallest grain size sieve used. 

Water content The amount of sand moisture content in grams found by the difference in 
weight before and after drying (moisture removal). 

Site type ORV and non-ORV 

Pedestrian use The amount of footprints that physically touched a transect line. 

Slope The angle in degrees of the beach at the tideline at false crawl and nest 
locations. 

Width The length in feet of dry sand between the tideline and the primary dune 
line. 

Compaction The hardness of the beach at 6cm in psi. 

Light: 545-700 nm Light intensity measured in watts/cm2 using the spectral bandwidth 545-
700 nm. 

Light: 300-500 nm Light intensity measured in watts/cm2 using the spectral bandwidth 300-
500 nm. 

Date laid Date of year nest laid from 1 to 365. 
Year Year of nest or false crawl. 

Site type*year*day Interaction between ORV use, year of nest laid, and day of year nest laid. 

Standardized width 
The length in feet of dry sand between the tideline and the primary dune 
line, standardized to mean high tide using the formula  (most recent high 
tide – mean high tide at location) /sin(slope). 

Temperature Temperature of nest at incubation depth (50cm) in degrees C. 

Chroma A part of color that designated its strength or departure from the neutral 
color of the same lightness. 

 
Habitat Quality 

• (10) Frequency and chi-square tables were created for all nests from 2000-2005 
with a “yes” or “no” response to relocation.   

• (11) I synthesized frequency and chi-square tables for all nests from 2000-2005 
with a “yes” or “no” response to overwash or washout.  A logistic stepwise 
regression analysis was carried out for overwash and washout with width and site 
type for the 2005 nests containing widths.  Using Hatteras data only for the 2000-
2005 nesting seasons, a T-test was conducted for the emergence success with and 
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without overwash and the emergence success with and without washout.  Only 
Hatteras data was used in this analysis because Cape Hatteras contained areas of 
both ORV and non-ORV use.     

Sand and Beach Characteristics 

• (12) and (13)  I constructed T-tests of the means for all sand and beach 
characteristics for the 2 site types using the 2005 data.  A T-test was made for the 
adjusted widths with site type. 
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CHAPTER 3 
RESULTS 

In the sections that follow (False Crawl and Nest Laying, Emergence Success, 

Incubation, and Habitat Quality), there was an island effect.  I expected there would be 

natural variation between these factors on different islands.  The islands used in my study 

were in the same geographic area with similar natural characteristics which minimized 

the island effect.  The primary reason island variation analysis was not feasible was due 

to the fact that some islands contained only ORV use areas, while another island 

contained only non-ORV use areas and the remaining islands contained both site types.  

Due to the nature of my study and its goal of evaluating the effects of ORV use on these 

islands, it was not possible to take island variation into effect in the statistical analysis. 

False Crawl and Nesting Laying 

In the First Hypothesis, I stated the false crawl percentages would be higher on 

ORV beaches.  I found my hypothesis was true at my study locations.  ORV beaches had 

a 51% occurrence of false crawls.  Non-ORV beaches had 40% occurrence of false 

crawls (X2 = 16.55, df = 1, n = 2261, and p =< 0.0001).   

In the Second Hypothesis, I proposed that sand, beach, and light characteristics 

would not significantly influence the occurrence of a nest.  I evaluated this hypothesis 

using stepwise logistic regression.  The sand characteristics were all found not significant 

at the 0.05 level.  ORV use approached significance in the beach characteristics’ model.  

Two variables, 300-500 nm bandwidth light intensity and site type (ORV and non-ORV), 

were found significant at the 0.05 level for the light characteristics’ model.  The second 
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hypothesis was supported for beach and sand characteristics, but not for light presence.  

When date laid was added to the models, no change in significance was noted for the 

sand and light characteristics models.   In the beach characteristics model, when date laid 

was added in with the original variables minus site type, width was significance with a p-

value of 0.0274 (n = 104, R2 = 0.0639).  There was a strong correlation between width 

and site type. 

Because of the near significance (i. e. p< 0.06, see Group 3, Table 3-1) of the p-

value in the light characteristics model for light in the 545-700 nm bandwidth, and the 

significant difference found for light in the 300-500 nm range, I conducted an additional 

test to assess separately whether light in the 300-500 nm bandwidth and 545-700 nm 

bandwidth was significantly different for ORV and non-ORV beaches.  An independent 

two-tailed T-test for the 545-700 nm light showed no significant difference between ORV 

and non-ORV beaches 0.77 (n = 398, t = 0.04 df = 396).  However, light in the 300-500 

nm range was significantly greater (t = 3.05, and p = 0.002) on non-ORV beaches (X̄  = 

4.51 X 10-13, sd = 1.19 X 10-12) than on ORV beaches (X̄ = 4.51 X 10-13, sd = 4.69 X 10-

13).    

My Third Hypothesis was that the ratio of false crawls to nests would vary during 

the 6 year study period.  A stepwise logistic regression confirmed this hypothesis 

(p<0.0001, X2 = 21.56, n = 2244, df = 1). 

Emergence Success 

A difference in emergence success on ORV and non-ORV beaches was my 

Fourth Hypothesis.  Data on emergence success were sorted, and the data for relocated, 

overwashed, or washedout nests were discarded.  An independent two-tailed T-test found 

no significant differences for the mean emergence success on ORV and non-ORV 
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beaches.  Due to the support of the null hypothesis, no additional analysis was carried 

out. 

Table 3-1. Results for 2005 nesting season for nest and false crawl occurrences in logistic 
models with the following variables: Group 1 Sand Characteristics, Group 2 
Beach Characteristics, Group 3 Light: Intensity. 

Variable                   n             X2                p 
Group 1    

Size 18 sand 131 0.02 0.90 
Size 35 sand 131 0.001 0.98 
Size 60 sand 131 0.003 0.96 
Size 120 sand 131 1.23 0.27 
Water content 131 0.02 0.89 

Site type 131 0.001 0.97 
Group 2 

Pedestrian use 108 0.58 0.45 
Slope 108 0.93 0.34 
Width 108 0.91 0.34 

Compaction 108 1.83 0.18 
Site type 108 3.54 0.06 

Group 3 
Light: 545-700 nm 398 3.54 0.06 
Light: 300-500 nm 398 6.45 0.01 

Site type 398 18.73 <.0001 
 

Incubation 

My Seventh Hypothesis was that the number of incubation days would vary 

between nests laid on ORV and non-ORV beaches.  An independent one-tailed T-test 

found that nests laid on ORV beaches had a significantly longer (t =2.29, p = 0.02) 

incubation period in days (X̄  = 64.5 days, SD = 0.38) than did nests laid on non-ORV 

beaches (X̄  = 62.8 days, SD = 6.13). 

 I predicted that sand and beach characteristics would not significantly influence 

days of incubation in my Eighth Hypothesis.  In the standard least squares model for sand 

characteristics, (Table 3-2, Group 1) date laid was the only significant variable with a p-
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value of 0.01 (adjusted R2 = 0.72, f = 4.02, n = 131).  The standard least squares model of 

beach characteristics found none of the variables significant (Table 3-2).  Chroma of sand 

coloration was also not a significant variable affecting incubation time. 

 
Figure 3-1. 2000-2005 Incubation periods in days for loggerhead sea turtle nests at Cape 

Hatteras National Seashore, Cape Lookout National Seashore, and Pea Island 
Wildlife Refuge, North Carolina, USA by site type (ORV and non-ORV).   
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The Ninth Hypothesis was that there would be annual variation in the number of 

incubation days during the 6 year study period.  I used a standard least squares model to 

evaluate this hypothesis.  My hypothesis was correct, and all variables were significant 

(Table 3-2, Group 3).   

Table 3-2. 2005 Incubation period in days displayed in least squares models for the 
following variables: Group 1 Sand Characteristics, Group 2 Beach 
Characteristics, Group 3 Date laid, Year, and Site type 
                                  Adjusted R2     F-value   p-value 
Group 1 n = 47 0.72     
Size 18 sand   2.64 0.14 
Size 35 sand   2.43 0.15 
Size 60 sand   2.90 0.12 
Size 120 sand   2.69 0.13 
Water content   0.45 0.52 
Date laid   4.02 0.01 
Group 2 n = 28 0.68     
Date laid   2.95 0.15 
Slope   2.34 0.20 
Compaction   2.53 0.19 
Pedestrian activity   1.13 0.35 
Width   0.51 0.51 
Group 3 n = 517 0.54     
Date laid   22.76 <0.0001 
Site type   25.26 <0.0001 
Year   20.02 <0.0001 
Site type*year*day   4.14 0.001 

 
Due to the fact that date laid was a significant factor influencing the length of 

incubation, I hypothesized that the mean date of nest laying was different for ORV and 

non-ORV beaches.  An independent T-test rejected this hypothesis.  However, an 

independent T-test rejected this assertion in favor of the null hypothesis (p = 0.18, df = 

1156, t = 1.34).  
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Habitat Quality 

 My Tenth Hypothesis stated that the percentage of relocated nests would be greater 

for non-ORV beaches.  However, the frequency for nests relocated on ORV beaches was 

49%, compared to 42% on non-ORV beaches. A chi-square analysis determined that 

designation of a beach for ORV use or non-ORV use was a significant factor influencing 

the proportion of nests relocated (p = <0.0001, X2 = 56.81, n = 1119, df = 1).   

My Eleventh Hypothesis was that overwash and washout percentages would be 

greater on non-ORV beaches.  Chi-square analysis revealed that designation as ORV or 

non-ORV use was a significant factor related to both overwash (n = 1064, X2 = 81.84, 

and p = <.0001) and washout (n = 1084, X2 = 8.86, p = 0.003) of nests on a beach.  The 

frequency of nests overwashed in ORV use areas was 16% whereas nests in non-ORV 

areas had a 44% overwash occurrence.  Similarly, the frequency of washout occurrence 

for nests in ORV use areas was 14%, and the occurrence of washout in non-ORV areas 

was 22%.  Thus, the likelihood of overwash and washout was greater on non-ORV 

beaches.   

I tested an additional hypothesis to determine if overwash and washout of nests was 

greater on narrower beaches.  However, in the stepwise logistic model for width, site 

type, overwash, and washout, none of the variables were significant at the 0.05 level.   

I also hypothesized that washedout and overwashed nests have lower emergence 

success at Cape Hatteras National Seashore.  Cape Hatteras contained the only group of 

islands with both ORV and non-ORV use areas.  In addition, I wanted to evaluate Cape 

Hatteras’ proposal to increase the number of nests relocated from ORV use areas to non-

ORV use areas.   An independent one-tailed T-test confirmed my hypothesis.  Emergence 

success of nests (X̄  = 63.82%, sd = 37.00) without overwash had a mean of 63.82 and a 
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standard deviation of 37.00.  Emergence success with overwash had a mean of 28.87 and 

a standard deviation of 40.60 (t = 6.76 and p = <.0001).  Emergence success without 

washout had a mean of 63.42 and a standard deviation of 36.92.  Emergence success with 

washout had a mean of 0.04 and a standard deviation of 0.33 (t = 23.97 and p = <.0001).  

Sand and Beach Characteristics 

In Hypothesis 12, I stated that the sand characteristics (sand size distribution and 

water content) would not be significantly different between ORV and non-ORV beaches.  

Only sand sieve size 120 had significant differences for ORV and non-ORV beaches.  An 

independent two-tailed T-test for ORV beaches had a mean of 0.36 and a standard 

deviation of 2.98.  Non-ORV beaches had a mean of 0.28 and standard deviation of 1.75 

for sand sieve size 120 (t = 2.05 and p = 0.046).   

In the first part of Hypothesis 13, I proposed that the beach characteristic slope 

would not differ significantly between ORV and non-ORV beaches.  The results affirmed 

my hypothesis (Table 3-3, Group 2).  The second part of the hypothesis stated that the 

remaining beach characteristics (width, width adjusted for tidal variation, sand 

compaction, sand temperature, and pedestrian use) would differ between the 2 site types.  

Pedestrian activity, width, and standardized width differed significantly between ORV 

and non-ORV beaches (Table 3-3).  After widths were standardized to mean high tide, a 

change of 0.2 m for ORV beach width and 0.06 m for non-ORV beach width was noted.  

Whether widths were analyzed as observed in the field or standardized to mean high tide, 

ORV beaches were significantly wider (Table 3-3).  The third part of Hypothesis 13  

stated that temperature for non-ORV beaches would be significantly greater.  The t-value 

for beach temperature at incubation depth was -2.661 and p-value was 0.0057.  This 

hypothesis was supported by an independent T-test (Table 3-3).  
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Based on a subjective visual assessment of all the beaches, I decided to test an 

additional hypothesis that sand color would not differ between ORV and non-ORV 

beaches.  This hypothesis was confirmed for both hue and chroma.  Only 2 samples out 

of 125 were not light gray in hue.  Those hues were gray and grayish brown, both within 

the gray color family.  The hue values for both ORV and non-ORV beaches were found 

to be 7 on the Munsell Color Chart.  An independent two-tailed T-test analysis of chroma 

found no significant difference between the means (p = 0.37 and t = -0.90).  The mean of 

chroma of sand samples from ORV use areas was 1.82 and a standard deviation of 0.04.  

Chroma of samples from non-ORV use areas had a mean of 1.90 and a standard deviation 

of 0.08.   

Table 3-3. 2005 Results from nesting and false crawl locations for the following variables 
by Site Type (ORV and non-ORV): Group 1 Sand Characteristics, Group 2 
Beach Characteristics for Cape Hatteras National Seashore, Cape Lookout 
National Seashore, and Pea Island Wildlife Refuge, North Carolina, USA. 
 ORV non-ORV    

Variable                                     X̄                SD                              X̄                    SD                          t                  p 
Group 1 n=131      
Size 18 sand 0.0455 0.08089 0.07054 0.1449 -0.905 0.3716 
Size 35 sand 0.11141 0.09393 0.14659 0.1423 -1.274 0.2105 
Size 60 sand 0.46644 0.1419 0.48292 0.161 -0.505 0.6158 
Size 120 sand 0.36301 0.17909 0.28416 0.1871 2.047 0.0464 
Water content 3.2902 2.97872 2.95937 1.7461 0.7749 0.4404 
Group 2 n=103      
Slope 5 43.2353 6.0625 3.9833 1.752 0.0827 
Compaction 132.014 46.4484 125.438 41.218 0.7251 0.4709 
Pedestrian use 2.67568 7.74085 8.5625 9.2464 -3.155 0.0013 
Width 179.335 75.0232 120.732 36.43 5.3331 <0.0001 
Standardized width  180.072 74.8936 120.49 35.24 5.4858 <0.0001 
Temperature 27.3130 0.95003 28.3094 1.39227 -2.661 0.0057 
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ORV Counts 

I counted vehicles present on the beach on 3 Friday nights for each island in the 

study except Pea Island.  Pea Island had a strongly-enforced non-ORV use policy and no 

entrance ramps for ORVs.  During the 2005 season on Cape Lookout and Cape Hatteras, 

only a single occurrence of a non-authorized ORV in the non-ORV area was observed.  

However, non-ORV areas were driven routinely by Park personnel such as law 

enforcement.  There was much less ORV use on non-ORV beaches than ORV designated 

beaches (Table 3-4). 

Table 3-4. ORV counts during 2005 sea turtle nesting season for Cape Hatteras (Ocracoke, 
Hatteras, and Bodie Islands) and Cape Lookout (South Core and North Core 
Islands) National Seashores, North Carolina, USA.  Park management at North 
Core and South Core Islands allow both ATV and ORV use.  In contrast, staff at 
Ocracoke, Hatteras, and Bodie Islands allow ORV use only. 

Island Date ATV ORV 
North Core 6/10/2005 6 12 
Ocracoke Island 6/17/2005  7 

Hatteras island 6/17/2005  47 

Bodie Island 6/17/2005  10 

South Core 6/24/2005 4 23 

North Core 7/1/2005 5 25 

Bodie Island 7/8/2005  10 

Hatteras island 7/8/2005  17 

South Core 7/15/2005 2 15 

North Core 7/22/2005 13 6 

Ocracoke Island 7/28/2005  38 

Bodie Island 7/29/2005  30 

Hatteras island 7/29/2005  14 
South Core 8/5/2005 2 11 
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CHAPTER 4 
DISCUSSION 

Sand and Beach Characteristics 

In order to determine the effect of ORV use on nesting and nest success, it first was 

necessary to determine whether ORV and non-ORV beaches differed in other 

characteristics that might affect these outcomes.  With the exception of sand sieve size 

120, ORV and non-ORV study sites had similar sand composition (Table 3-3).  However, 

sand grain size was not a significant factor in determining the relationship between 

nesting and false crawls on ORV versus non-ORV beaches (Table 3-1).   

In some studies, nesting sea turtles favored finer grained sand types for nest laying 

locations (Hendrickson and Balasingham 1966, Karavas et al. 2005).  Conversely, the 

lack of significance of sand grain size in nest site selection in my study was consistent 

with several previous studies (Hirth and Carr 1970, Hirth 1971, Hughes 1974, Mortimer 

1995, Stancyk and Ross 1978). The loggerheads’ nest site selection in my study was not 

significantly dependent upon sand grain size.   

I found greater amounts of pedestrian activity on non-ORV beaches (Table 3-3), 

perhaps indicating that pedestrians preferred non-ORV beaches.  Although I initially 

assumed that pedestrian activity might affect nesting or nest success (Arianoutsou 1988), 

this was not the case in my study (Tables 3-1 and 3-2).  This might be expected in the 

event that most pedestrian use on non-ORV beaches occurred during daylight hours when 

turtles were not present.  This could be determined with additional study.   
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As expected, beach widths were greater on ORV beaches.  This was probably a 

direct result of the procedure used to designate beaches for ORV use.  On Cape Hatteras 

National Seashore width was the major criterion used for designating a beach for ORV 

use.  Any area with 46 m of dry beach (between high tide and vegetation) was open to 

ORV use with a few exceptions.  There was an area closed to ORV use for historic 

purposes immediately in front of Cape Hatteras Lighthouse.  Other areas could be closed 

seasonally for wildlife or pedestrian use (National Park Service 1978).  For example, a 

“closure for sea turtle nesting habitat” is defined as an area of high-quality nesting habitat 

that was closed prior to any sea turtle nesting attempt of the season.  However, to my 

knowledge, there has never been a closure for sea turtle nesting habitat, although there 

have been temporary closures of short sections of a beach during an expected hatchling 

emergence event.  Thus, non-ORV beaches were, by definition, only relatively narrow 

beaches. 

Beach slope was found not to be a significant factor related to nesting or incubation 

period.  This was consistent with a previous study (AlKindi et al. 2003).  However, other 

studies suggested that slope was a significant factor in nest site selection (Provancha and 

Ehrhart 1987, Horrocks and Scott 1991, Wood and Bjorndal 2000).  However, slope did 

not differ significantly between ORV and non-ORV beaches in my study (Table 3-3). 

One study has shown there may be a correlation between moisture content of sand 

and nest site selection (Hitchins et al. 2003).  On the other hand, other studies of the 

effect of sand moisture content on nest site selection have shown no relationship (Stancyk 

and Ross 1978, Wood and Bjorndal 2000).  Yet, the point may be moot, as there was no 



54 

 

significant difference in sand moisture content between ORV and non-ORV beaches in 

my study (Table 3-3). 

Although information on sand temperature was not available for my beach 

characteristics model for 2000-2005, prior studies have not shown a significant effect of 

sand temperature on nest laying (Wood and Bjorndal 2000).  In the 2005 nesting season, 

my study showed a significant difference between sand temperatures on ORV and non-

ORV beaches during the time eggs were being incubated (Table 3-3).  This effect is 

discussed in the Incubation section below. 

False Crawl and Nest Laying 

ORV use was a highly significant factor affecting the proportion of nests and false 

crawls.  The variable ‘ORV use’ had a greater impact on false crawl percentages than all 

sand and beach characteristics. 

Light in the 300-500 nm bandwidth is known to affect adult and hatchling sea 

turtles (Bartol and Musick 2003, Gould 1998, Witherington 1992).  My study focused 

only on the effects of light on adult sea turtles.  One study on the effect of artificial 

lighting and nest site selection of adult female loggerheads found no correlation between 

these factors (Kikukawa et al. 1999).  In contrast, 2 other studies found that artificial 

lighting deterred nesting females (Witherington 1992, Salmon et al. 1995).   

ORV use was a significant factor in my study and had a more significant p-value 

than 300-500 nm light.  There were significantly greater amounts of 300-500 nm light in 

non-ORV areas.  The significance of 300-500 nm light in my study was likely to be 

influenced by the significant relationship of 300-500 nm light to site type.  The greater 

amount of light on non-ORV beaches does not seem to explain the higher percentage of 
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nests to false crawls on non-ORV beaches.  The data supported the presence or absence 

of ORVs as the greatest factor affecting false crawl and nest laying. 

The annual variation observed in the nesting activity in my study (Table 3-2) was 

in accordance with known sea turtle nesting behavior.  Several studies have shown that 

loggerhead sea turtles returned to nest at intervals of 2 to 3 years (Frazer 1984, 

Richardson and Richardson 1995, Ruitrago 1984). 

Emergence Success and Habitat Quality 

Emergence success was the only nesting activity factor not to reflect significant 

influence from ORV use.  However, it is essential to note that my analysis of emergence 

success was conducted only after removing from the analysis the relocated, overwashed, 

and washedout nests.  When considering these nests, the emergence success of nests may 

become problematic. 

The permits which allowed nests in my study area to be relocated stated specific 

requirements.  The permits gave permission for relocation of nests in serious jeopardy of 

being lost to the tide or buried under a collapsing escarpment.  Assuming all relocations 

of nests in the study area occurred legally under these permits from 2001-2005; the nests 

in ORV areas were in greater jeopardy of being lost.  From personal observation in 2003, 

2004, and 2005, most of the nests selected for relocation were not in danger of being 

buried under collapsing escarpments, but may have been located in areas of potential tidal 

overwash.  Turtles crawling on ORV beaches with deep tire ruts did not dig their nests as 

far from the tideline as turtles on beaches with fewer or no ruts.  Turtles attempting to 

nest on a beach with deep ruts may crawl parallel to the tire ruts (which usually run 

parallel to ocean) until giving up and returning to the sea or laying a nest near the tideline 
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(personal observation).  Perhaps this helps to explain why the frequency of relocated 

nests on ORV beaches (49%) was significantly different from non-ORV beaches (42%). 

My study indicated that both overwashed and washedout nests have significantly 

lower average emergence successes (29% and 4%, respectively) than nests not subjected 

to these factors (63-64%).  Thus, overwash cut success in less than half, while washout 

reduced success to almost zero.  These findings supported what was known about sea 

turtle nesting and the effects of tidal inundation (water from the ocean washing over a 

nest) (Baskale and Kaska 2005). 

Perhaps more importantly, I found that nests laid on non-ORV beaches had a 

significantly greater occurrence of being overwashed or washedout than those laid on 

ORV beaches (44% versus 16% for overwash; 14% versus 22% for washout).  Even 

though nests in non-ORV areas had a statistically similar mean success when the factors 

of relocation, washout, and overwash were removed, the overall emergence success of 

nests laid on non-ORV beaches was much lower when all nests were considered.  Habitat 

quality should be a determining factor for relocation site selection. 

Even though beach width was not a statistical factor in overwash and washout, the 

selection of only narrower beaches for non-ORV use seems not to benefit turtle recovery.  

It appears logical that a narrow beach would be more subject to tidal inundation than a 

wider beach of similar slope.  The effect of beach width on nest emergence success 

should be studied in greater detail, without the confounding effects of relocated nests and 

ORV use versus non-ORV use, in order to determine whether nests laid on narrower 

beaches are at high risk of low emergence success. 
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Length of Incubation and Possible ex Ratio Effects 

The length of time (number of days) that eggs incubate in a nest is a factor that may 

be of considerable importance.  The 2 day difference in incubation periods for nests laid 

on ORV and non-ORV beaches (Figure 4-1), was not significantly related to any of the 

beach or sand characteristics.  Although both the year of nest laid and the date laid were 

shown to be significantly related to incubation duration, these variations are to be 

expected in any in situ nesting study (Estes et al. 2003).  In my study, however, there was 

no significant difference in the mean date of nests laid on ORV versus non-ORV beaches.  

On the other hand, ORV use was significantly related to incubation period, most probably 

due to differences in sand temperature between ORV and non-ORV beaches. 

Temperature at incubation depth (50 cm) was significantly lower on ORV beaches.  

This most likely explains why ORV beaches had longer incubation periods.  The factors 

that typically affect temperature on beaches are: slope, sand color, and compaction 

(Hayes et al. 2001).  However, none of these factors differed significantly between ORV 

and non-ORV beaches, nor were any of them significant when analyzed in models for 

effect on incubation period.  The results of my study thus indicate that ORV use is a 

factor affecting incubation period. 

Due to the temperature dependent sex determination of sea turtles, variations in 

incubation period could be indicative of serious effects on the population.  Warmer 

incubation temperatures during the sex determining stage produce females (Godfrey et al. 

2003, Merchant-Larios 2001).  It has been demonstrated that lower incubation 

temperatures generally result in longer incubation times, and that incubation time is thus 

related to the sex ratio produced for loggerheads nesting in the southeastern United States 

(Godfrey and Mrosovsky 1997.  Thus, for a given incubation period in days, it is possible 
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to estimate the percentages of females produced.  As shown in Figure 4-1, the 2 day 

reduction in incubation period I observed on ORV beaches as compared to non-ORV 

beaches results in an expected decline from 35% to 28% females produced (Godfrey and 

Mrosovsky 1997).  This represents a 20% decline in the numbers of females produced 

([35-28]/35 = 0.2).  

 
Figure 4-1. Expected change in percentages of females due to mean temperature 

differences between ORV and non-ORV beaches in North Carolina, USA 
from sex ratio/temperature relationship (Godfrey and Mrosovsky 1997). 

At first glance, 20% may not seem like a significant alteration, but further 

consideration of sea turtle natural history and population trends reveals this is a 

substantial skew of sex ratios.  Loggerhead sea turtles are already in a population decline 

and listed as threatened.  A skewed sex ratio in such a long-lived, late-maturing species 

could take decades to become evident in reduced numbers of nesting females, especially 

in an area of relatively low-density nesting such as North Carolina.  If this skewed sex 

ratio has slowly increased over time (as ORV use on beaches increased during the past 

Key 
Blue line - non-ORV 
Yellow line - ORV 
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several decades), it may cause damage to the population that would be difficult and 

perhaps impossible to assess or correct.  Unfortunately, sex ratios for adult and large 

juvenile loggerheads have not been monitored over the past several decades. 

Female loggerheads have been shown to return to the beaches of their origin to nest 

(Webster and Cook 2001).  Assuming strong nesting beach fidelity, in the long term there 

will be fewer females in the absence of any compensatory mechanism to bring sex ratios 

back to their natural levels for this rookery.  If adult sex ratios reach a new equilibrium 

with 20% fewer females, the possibility of species recovery will be greatly reduced. 

Despite the fact that none of the other variables on sand or beach characteristics I 

assessed were of significance, it may be possible that some factor other than ORV use 

could explain the difference in sand temperature and length of incubation between ORV 

and non-ORV beaches.  When considering the potential effects on species recovery, the 

most important element of these incubation differences was not why the differences 

existed, but that the differences were present.  However, in terms of conservation 

programs, it may be important to determine the cause in hopes of being able to ameliorate 

or mitigate the effect. 

One possible explanation of increased incubation time due to ORV use is that sand 

temperature differences were caused by small-scale topographic differences at the beach 

surface.  Tire ruts on a heavily or moderately driven beach extended from and sometimes 

over vegetation and primary dunes to the tideline or past the tideline.  There were 

typically very few areas of dry beach not covered by tire ruts.  Day after day (24 hours a 

day in my study area), new tire ruts were made on top of existing ruts.  The result was 

deep rutting, typically at least 6 in (0.15 m) deep and not uncommonly up to a foot (0.3m) 
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deep.  The rough surface topography of beaches altered by tire ruts to the smoother, 

flatter surface of relatively unaltered beaches could result in less heat being absorbed 

during daylight hours and/or more heat being re-radiated at night. 
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CHAPTER 5 
MANAGEMENT IMPLICATIONS 

My study of the effects of ORV use on loggerhead nesting activity has many 

management implications.  Currently, the Park Service at Cape Hatteras and Cape 

Lookout has the goal of completing their first finalized ORV management plan by 2008.  

The Park Service staff at Cape Hatteras has written an Interim Protected Species 

Management Plan, and several elements of this study are relevant.  The staff at Cape 

Lookout is currently working on drafting an Interim Protected Species Management Plan.  

Until ORV management plans are finalized, the interim plans will guide policies for sea 

turtles and other species listed under the Endangered Species Act.  At Pea Island, the U. 

S. Fish and Wildlife Service did not allow ORV use.  The results of my study do not 

support the opening of Pea Island to ORV use, as the study did not find any beneficial 

effects of ORV use on loggerhead nesting activity.   

Management Requirements 

To understand the requirements for the National Park Service to manage the effects 

of ORVs on sea turtles, it is important to be aware of relevant policies and laws.  National 

Seashore management has undergone many changes since the 1930s.  Today all Parks 

and Refuges are legally bound to comply with laws, such as the Endangered Species Act 

of 1973 and the Migratory Bird Act.  The Parks must also comply with the management 

guidelines printed in 2 handbooks by the Department of Interior:  Management Policies 

of 2001 and The Natural Resources Management Guidelines of 1991. 
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The National Park Service at Cape Lookout and Cape Hatteras does not have an 

incidental take permit.  Such a permit is required when an activity causes the death or 

potential death of endangered or threatened species (The Senate and House of 

Representatives of the United States of America 1973).  The permit typically is issued for 

a certain amount of take, and if the activity exceeds the take, the activity is shut down.  

Other beaches with ORV and loggerhead nesting have incidental take permits, for 

example Volusia County, Florida, USA (Volusia County 1996). 

The foundation of the Park Service stated in the Organic Act of 1916 is to, 

“Manage the natural resources of parks to maintain them in an unimpaired condition for 

future generations (p. 28).”  These written policies are designed to set the framework on 

which all park decisions are to be made.  The Park Service’s traditional practices, as well 

as unwritten policies, are not recognized as official policies (National Park Service 2001). 

There are management principles and policies that apply to natural resources within 

the National Park Service.  Sea turtles fall into 2 categories of resources to be managed:  

native species and endangered species.  The Park Service is bound to protect, maintain, 

and restore the natural resources of a park (National Park Service 2001).   

The Park Service is committed to restoring and preserving the behavior, habitat, 

diversity, abundance, and distributions of native animals (National Park Service 2001).  

Native species are insured protection from harassment, removal, destruction, and, in 

some cases, harvest (National Park Service 1991).  Human impacts are to be minimized 

on native species.  If the Park Service is uncertain about the impact an activity could have 

on a resource, the Park Service should decide in favor of resource protection (National 

Park Service 2001). 
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The Park Service is bound to meet all obligations listed in the Endangered Species 

Act of 1973 and the Loggerhead Recovery Plan 1991 (National Park Service 2001).  The 

Park Service recognizes that endangered and threatened species cannot recover by habitat 

protection alone, but will require active management (National Park Service 1991).   

In a park setting, it is necessary to manage visitor use, as well as wildlife.  The 

principles governing visitor use are to, “promote and regulate appropriate use of the 

parks, and will provide the services necessary to meet the basic needs of the park visitors 

and to achieve each park’s mission goals (National Park Service 2001 p. 79).”  The Park 

Service allows visitor activities that meet 2 requirements.  The first requirement is that 

the activity is appropriate as defined by the enabling legislation.  Second, the activity can 

not cause unacceptable impacts to natural resources.  Any activity that would impair a 

natural resource cannot be allowed.  There is only one exception to this rule.  The activity 

must be allowed when directly mandated by Congress.  In this case, ORVs do not fall 

into this exception category.  When an activity is found to impair a resource, but is 

allowed by law and not directly mandated by Congress, the activity may be allowed in 

cases that create no unacceptable impairment.  The park also reserves the right to 

discontinue or deny an activity that impairs a resource (National Park Service 2001). 

In order to manage visitor use, a park manager may establish closures, restrict 

approved activities, and/or limit hours of use.  The practice of closing areas may be put 

into place to protect native animals.  A closure can be employed when a human activity 

causes habitat loss, a reduction of productivity, and species avoidance behavior of the 

area.  Closures can be installed even if the closure affects visitor use (National Park 

Service 1991).   
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There are 2 Presidential Executive Orders dealing with ORV use.  President Nixon 

addressed the issue in 1972 with Executive Order 11644.  In this Order, the President 

expressed the need for policies and procedures to regulate ORV use on federal land to 

ensure natural resource and human safety.  In 1977, President Carter issued Executive 

Order 11989, which gave a government agency the power to limit or eliminate ORV use 

in areas where there was resource damage on federal land (National Park Service 1978). 

In an effort to comply with Nixon's Order, the management of Cape Hatteras made 

several attempts at drafting an ORV management plan.  None of the drafts has been 

approved by Congress.  The draft plan that Cape Hatteras managers used during a portion 

of my study period was from 1978.  For the remainder of my study period, Cape Hatteras 

was not operating under an ORV management plan.  This draft plan divided up the Park 

into zones of use.  Zone 1 was the ocean zone.  In this zone, ORVs could use any area 20 

ft (about 6 m) below the dune or vegetation line and 150 ft (about 45 m) from the high 

tideline.  In other words, any area with a width of 170 ft (about 51 m) between dune or 

vegetation and the tideline would be open to ORVs.  Zone 1 areas could be closed 

seasonally if there were heavy pedestrian use or wildlife use.  The size and conditions 

under which a closure for sea turtles was established was explained in the Methods 

Section (Chapter 2).  The remainder of the Park was divided into 3 other zones.  These 

additional zones were not sea turtle nesting areas and will not be discussed (National Park 

Service 1978).  

During my study period, the Park Service at Cape Lookout was not operating under 

an ORV management plan, but planned to implement one in the near future.  There were 

other islands within the Cape Lookout Park System that banned ORV use.  These islands 
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were not included in my study due to their isolation and inconsistent nesting surveys.    

The islands of Cape Lookout used in my study allowed ORV use along the entire stretch 

of shoreline with a few exceptions.  There was an area about 1/4 of a mile  (0.4 km) long 

located in front of the Cape Lookout Lighthouse that was closed to ORVs.  In addition, 

some areas that were closed for nesting shorebirds changed yearly. 

Pea Island became a National Wildlife Refuge in 1937.  It was established with the 

purpose of providing a refuge and breeding ground for wildlife.  ORV use was legal on 

Refuge property until the 1970s.  The U. S. Fish and Wildlife Service at Pea Island had 

the most restrictive visitor use of the areas in my study.  Visitors were limited to daytime 

use, and there was a total ban on ORV use (U. S. Fish and Wildlife Service: Refuge Facts 

n. d.). 

The U.S. Fish and Wildlife Service was created to protect, conserve, and enhance 

fish, wildlife, and their habitats for the benefit of the public.  The Service has 3 main 

objectives:  develop and apply an environmental stewardship ethic, guide the 

conservation of natural resources, and help the public appreciate and use wisely the 

nature resources.  Many functions are associated with these goals and mission statement, 

but only a few apply to the management of nesting sea turtles.   

Assisting in the recovery of federally listed threatened and endangered species is 

another function of the U. S. Fish and Wildlife Service. The Service must acquire, 

protect, and manage ecosystems in order to sustain endangered species.   Fish and 

wildlife species are to be protected from habitat destruction, overuse, or pollution (U. S. 

Fish and Wildlife Service 1998).  In addition to considering a refuge’s purpose and 

mission statement, the refuge manager must follow the biological integrity, diversity, and 
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environmental health policy.  Under this policy, a broad range of fish and wildlife found 

on refuges and associated ecosystems are protected (U. S. Fish and Wildlife Service 

2001).     

The U. S. Fish and Wildlife Service operates under a principle of ‘wildlife first.’  

This concept was introduced in the Refuge Improvement Act of 1997, “the fundamental 

mission of our system is wildlife conservation: wildlife and wildlife conservation must 

come first (p 3).”  The concept of priority wildlife-dependent public use was also 

established by the 1997 Improvement Act.  Under this Improvement Act public use or 

public use structures were generally not excluded from refuges.  However, the 

protection/restoration of biological integrity, diversity, and health may require temporal 

or spatial zoning of public use (Senate and House of Representatives of the United States 

of America 1997). 

Implications for Future Management  

My study provides vital information which should be incorporated into ORV use 

policy.  Nesting success, incubation period, habitat quality, and false crawl percentages 

are all fundamental information for species management.  The results could be integrated 

into Cape Hatteras and Cape Lookout’s ORV Management Plans to be finalized by 2008.  

The current stages of the planning process and sea turtle management differs 

between Cape Hatteras and Cape Lookout National Seashores.  Due to these policy 

variations, the remainder of this chapter will be split into 2 sections.  The first section will 

address the management implications for Cape Hatteras National Seashore.  The final 

section addresses the management implications for Cape Lookout National Seashore.  
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Cape Hatteras 

False Crawl and Nesting Laying 

Cape Hatteras had higher false crawl percentages on ORV beaches.  These false 

crawl percentages could result in unnecessary energy expended by nesting female sea 

turtles on ORV beaches.  The amount of energy used by turtles on ORV beaches is 

unknown.  The energy expended in false crawls on ORV beaches might otherwise have 

been used in egg production, growth, or body maintenance.  According to the Cape 

Hatteras’ Interim Protected Species Management Plan, an elevated false crawl rate is 

suspected on ORV beaches.  My confirmation of this supposition should result in a study 

by the Park Service to determine the effects of the false crawl rates on the loggerhead 

population.  The amount of excess energy exhausted by females attempting to nest on 

ORV beaches also needs to be determined.  Only then can informed ORV policies be 

made.   

 
Figure 5-1. Loggerhead false crawl apex along tire rut on Ocracoke Island of Cape 

Hatteras National Seashore, North Carolina, USA in summer 2005.  Photo by 
Lindsay Nester. 
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There are ways to eliminate or mitigate an elevated false crawl rate.  The effect 

could be reduced by permitting a limited number of ORV users, closing the beach during 

nighttime hours, prohibiting beach driving during the nesting season, and/or reducing the 

mileage of beach currently open to ORV use.  The only way to eliminate the effect of 

ORV use on nesting sea turtles completely would be to close all beaches to driving. 

Incubation 

The potential for skewed sex ratio of hatchlings emerging from nests laid on ORV 

beaches is alarming.  Action should be taken to correct any potential sex ratio skew.  In 

order to completely correct a sex ratio skew, beaches should be closed to ORV use.  It 

should take only a few months for beaches to revert back to their natural state.   

The risk to the population may be too great to allow this recreational activity to continue.  

Currently, there is no solution that will allow the possible sex skew to be corrected while 

allowing ORV use to continue.  However, additional research should be conducted to 

determine the specific cause or causes leading to differences in incubation duration of 

nests laid on ORV and non-ORV beaches.  Only by understanding the underlying 

mechanisms behind such a difference can appropriate mitigation be instituted.   

Habitat Quality 

My study provided evidence that the habitat quality of non-ORV beaches was 

inferior to ORV beaches.  Virtually all beaches that were wide enough to be safely driven 

were chosen as ORV use beaches, greatly limiting the amount of non-ORV nesting 

habitat.   Nests on non-ORV beaches suffered much higher rates of washout and 

overwash.  My study showed that washout reduced emergence success to almost zero and 

overwash by more than half.  The higher nesting percentages and increased threats of 

overwash and washout on non-ORV beaches should be considered when determining an 
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area’s ORV use status.  Past geographic nesting trends and habitat quality should be 

considered.  ORV areas with high historic nesting percentages and low occurrence of 

washout and overwash should be designated non-ORV.  To expedite this process the Park 

Service could refer to Volusia County, Florida’s Habitat Management Plan.  Volusia 

County designated areas with high potential hatching success as non-ORV use areas.  

These areas were also determined to have high historic nesting percentages (Volusia 

County 1996).  

 
Figure 5-2. Loggerhead hatchling crawling toward the Atlantic Ocean on Ocracoke Island 

of Cape Hatteras National Seashore, North Carolina, USA in fall 2004.  Photo 
by Lindsay Nester. 

If a relocation permit is obtained, Cape Hatteras’ 2006 Plan (Interim Protected 

Species Management Plan) is to relocate nests blocking ORV use, which could result in 

reduced emergence success.  It has been the practice at Cape Hatteras to relocate nests in 

ORV areas in danger of loss to tidal inundation, erosion, or collapsing escarpment.  Nests 

that met the relocation criteria were moved to non-ORV areas.  Moving nests from a 
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beach with lower occurrences of washout and overwash (ORV beaches) to a beach with 

higher occurrences (non-ORV beaches) is not beneficial for sea turtle recovery.  Nests 

should not be relocated to areas with historic levels of reduced emergence merely to 

avoid the disruption of ORV use.  The U. S. Fish and Wildlife Service, National Oceanic 

and Atmospheric Administration, and the Park Service should review past practices and 

monitor future relocated loggerhead nests.  

Hatchling disorientation was not an element of my study, but some lighting results 

had implications for sea turtle hatchlings.  There were greater amounts of light in the 300-

500 nm range that attract sea turtles on non-ORV beaches.  Many of these non-ORV 

areas were located on the narrow beachfronts at or near villages.  Based on previous 

studies of hatchling orientation, this light has the potential to disorient hatchlings (Bartol 

and Musick 2003, Gould 1998), leading them landward rather than seaward upon 

emergence from the nest.   I recommend evaluating lighting, overwash, and washout 

when selecting areas for ORV use.  ORV areas with lower levels of artificial light in  

wavelengths known to attract sea turtle hatchlings emerging from the nest or to 

discourage adult females from coming ashore should be considered for closure to ORV 

use during sea turtle nesting and hatching seasons.  

Cape Lookout 

False Crawl and Nesting Laying 

At Cape Lookout National Seashore, ORV areas have higher percentages of false 

crawls.  The management staff of Cape Lookout should study the effect and amount of 

energy expended during nesting attempts on ORV beaches.  If the risk to the sea turtle 

population is deemed too great, Cape Lookout should be closed to driving.  The islands 

of Cape Lookout are uninhabited and reachable only by boat.  These islands are not 
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visited every day during the nesting season by law enforcement officials.  Reducing areas 

open to ORV use, reducing the number of ORV users on the beach, or reducing the time 

of day ORV use is allowed would be difficult to enforce without daily law enforcement  

presence.  Unless Cape Lookout can create non-ORV nesting areas, the only option to 

alleviate ORV effects is to close all beaches on North Core and South Core islands to 

driving. 

Incubation 

All areas of the North and South Core Islands of Cape Lookout are open to ORV 

use.  Thus, my results indicate that all of the loggerhead nests on these islands possibly 

contribute to a sex ratio skew.  ORV use should be stopped in all areas of Cape Lookout 

to correct this skew.   

Habitat Quality 

Due to the lack of non-ORV beaches at Cape Lookout, it was not possible to 

complete a habitat quality analysis of the 2 site types.  If Cape Lookout decides to have 

nest relocation areas and non-ORV beaches, I recommend the management staff consider 

habitat quality (overwash, washout, and relocation) when establishing these areas. 

Despite the islands’ uninhabited status, light pollution was still abundant.  Due to 

the lack of development on the islands, light from the nearby mainland was visible.  

There was also an active lighthouse on South Core Island that contributed to light 

pollution.  If Cape Lookout managers decide to designate areas of non-ORV use for turtle 

nesting, light intensity should be a consideration.   

Conclusions 

Sea turtle education programs involving children foster sea turtle conservation 

awareness (personal observation).  Children living near or visiting the coast should be 
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included in sea turtle nest excavations.  Participating in the excavation will give children 

an opportunity to see hatchlings up close and provide an unforgettable experience.   

If beach drivers are required to obtain permits from the National Park Service for 

legal driving on the beach, the permitting process could provide an educational 

opportunity related to sea turtle conservation and the impacts of ORV use on sea turtles.  

Potential ORV permittees could be required to read educational material or attend 

presentations concerning the status of sea turtles and the potential effects of ORV use on 

their recovery.    

There are several possible resolutions that could reduce or eradicate the negative 

impact of ORVs on loggerhead sea turtle nesting activity.  Solutions that will reduce 

ORVs’ impact on sea turtles vary in effectiveness according to the location.  Some 

solutions to alleviate ORVs’ impact include reducing the beach area open to ORV use, 

closing the beach to ORV use during the nighttime hours, closing the beach to ORV use 

during sea turtle nesting and hatching seasons, reducing the number of ORV users on the 

beach at a given time and location, and educating the public on sea turtle conservation 

issues.  The only solution that will completely eliminate the negative impacts of ORVs on 

the sea turtle population is to stop ORV driving on the beaches.   
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